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Abstract

Synthetic chemical pesticides' nature, mode of action, and persistence have brought about debates regarding whether the end
justifies the means. Lambda-cyhalothrin is an important insecticide for farmers and households, with great accessibility and
excellent action against pests and disease-carrying insects. Like other pyrethroid pesticides, Lambda-cyhalothrin targets the
nervous system of insects or pests. However, its fate in the environment, especially in water and living systems, has made it
crucial to explore methods of treating or degrading its residues in the environment. The present study aimed to develop a suita-
ble method for the photocatalytic degradation and removal of Lambda-cyhalothrin (LCY) from wastewater and agricultural run-
off. The nanoceria were used under natural solar irradiation without applying any scavenger chemical or buffer. This was syn-
thesized using a simple co-precipitation method using cerium nitrate hexahydrate as a precursor. The synthesized nanoceria
were characterized using X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectrosco-
py (EDS), Fourier Transform Infrared spectroscopy (FTIR) and particle size analysis. The average size of the particle was 27
nm. The photocatalytic degradation was conducted in batches with various pesticide concentrations exposed to different
amounts of nanoceria. The initial and final concentrations of the LCY at each level were determined using Shimadzu UV spec-
troscopy. At optimum conditions, nanoceria was found to degrade and remove more than 63% of the initial pesticide concentra-
tion. This method can be suitable for degrading and removing pesticide residue from agricultural runoff (at source) and industrial
effluents from synthetic pesticide industries.
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INTRODUCTION

Some pesticides' destructive and hazardous impacts
made them a global case for alarm and concern. Most
synthetic chemical pesticides' nature, mode of action,
and persistence have brought about debates regarding
whether the end justifies the means. Several attempts
have been made and more on the process of coming
up with suitable alternatives to pesticides with little im-
pact on the aim and goal of the processes that are

switching to an eco-friendly and economically viable
solution. After the incidence of organochlorine pesticide
pollution and their persistent nature, especially the is-
sue of DDT effects on the ecosystem, which gave birth
to silent spring, it was clear that a lot needs to be done
in this regard (Nicolopoulou-Stamati et al., 2016; Bai, et
al., 2018; Voltz et al., 2021). Subsequently, less persis-
tent synthetic pesticides were invented and put to use
with great output. However, pesticides’ hazardous ef-
fects are not limited to organochlorines because even
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the less persistent pesticides were found to cause seri-
ous damage to the ecosystem (Mwila et al., 2013;
Zhang et al., 2021).

Pyrethroid pesticides are a type of synthetic insecti-
cides that are chemically similar to the natural insecti-
cide pyrethrins, which are derived from chrysanthemum
flowers (Alalibo et al., 2019; Chatterjee et al., 2021a).
Pyrethroids are a type of recently developed synthetic
insecticides/pesticides. They are commonly chosen
over older insecticides, such as organophosphates and
organochlorines, because they are highly effective
against various insect pests through both ingestion and
physical contact and are more potent (Alalibo et al.,
2019). Pyrethroids are advantageous over other pesti-
cides for various reasons. They are highly effective at
very low concentrations, can withstand sunlight expo-
sure without breaking down, easily break down in the
environment, and have low toxicity to birds and mam-
mals (Alalibo et al., 2019; Chatterjee et al., 2021b; Al
Malahi et al., 2022). Lambda-cyhalothrin is an example
of a pyrethroid pesticide that is classified as a type Il
pyrethroid pesticide. It is one of the most widely used
pesticides with a different range of applications (He et
al., 2008; Aouey et al., 2017, Aouey et al., 2019).
Lambda-cyhalothrin (LCY), like other pyrethroid pesti-
cides, targets the nervous system of insects or pests.
Pyrethroids are toxins that specifically target nerve fi-
bers by attaching to a protein that controls the sodium
channel responsible for regulating nerve impulses (He
et al., 2008). In normal circumstances, the sodium
channel stimulates the nerve impulse and then closes
to halt the signal. These channels serve as conduits
that allow ions to enter the nerve fiber, resulting in stim-
ulation (He et al., 2008). In addition, leaving the chan-
nels open causes the nerve cells to produce discharges
repetitively, leading to paralysis (He et al., 2008; Aouey
et al., 2017 Al-Amoudi, 2018; Chatterjee et al., 2021a).
LCY is an important pesticide and plays a significant
role in agricultural activities and households.

However, pollution of the environment and water, par-
ticularly by these pesticides and specifically lambda-
cyhalothrin is a concern. Research has shown that only
a small proportion, specifically around 2-5%, of pesti-
cides applied are effective in controlling the intended
organisms, while the remaining amount is distributed
throughout the surrounding environment (Sherrif and
Madadi, 2017). Therefore, a larger amount of the chem-
icals end up in the environment and may lead to several
effects and ecosystem disruption. One of the major en-
vironmental impacts of pesticides is harm or effect to
non-target organisms or insects. The movement of pes-
ticide residues from their intended application sites via
mechanisms such as volatilization, spray drift, agricul-
tural runoff, leaching, or crop removal, is a crucial factor
in evaluating the overall environmental effects of pesti-
cides (He et al., 2008; Liu et al., 2014; Sherrif, Madadi,

2017). A study has shown that when LCY molecules
become adsorbed, their degradation rate often de-
creases because they are less accessible to degrada-
tion factors compared to free molecules in a water col-
umn (Alalibo et al., 2019). As such, there may be a ten-
dency to bioaccumulate LCY in aquatic life and subse-
quent movement to higher organisms through the food
chain. A study conducted by Ceuppens et al. (2015)
revealed the effects of dietary lambda-cyhalothrin expo-
sure on a bumblebee. It was discovered that lambda-
cyhalothrin poses reproductive and survival effects on
the test organism. Ibrahim et al. (2018) revealed that
LCY causes significant abnormal cell death in both
male and female reproductive cells and severe damage
to both digestive and secretory cells in snails.
Advanced Oxidation Processes, popularly known as
AOPs are the techniques for the degradation of con-
taminants in the environment. These methods involve
using oxidizing agents which usually form reactive oxy-
gen species and break down the contaminant. AOPs
refer to eco-friendly chemical methods that can break
down organic pollutants into safe substances without
transferring the pollutants from one phase to another or
generating large quantities of sludge. Nanoparticles
and nanocomposites, especially those with special and
unique properties, have been used as adsorbents and
photocatalytic agents for the degradation and removal
of pesticides (Ahmad et al., 2020; Miri et al., 2021;
Hannachi et al., 2022; Keerthana et al., 2022; Pra-
deepa & Nayaka, 2022). These particles possess
unique properties, including a large surface area to
volume ratio and band gap energy, especially in nano-
composites and metal oxide nanoparticles. The state-
ment “there is more room at the bottom” by (Feynman,
1959) regarding immense opportunities and possibili-
ties from miniaturization was a great beginning in the
exploration of the capabilities of smaller particles. Sev-
eral metal oxide nanoparticles like zinc oxide and titani-
um dioxide have been used as a photocatalyst in heter-
ogeneous photocatalysis for the treatment of
wastewater.

Cerium oxide nanoparticles, also known as nanoceria a
metal oxide of Rare Earth Elements REEs made using
a lanthanide metal cerium (Keerthana et al., 2021).
These particles are gaining attention recently due to
their wide application and their unique properties, in-
cluding their oxidation and other properties. This oxida-
tion state plays an important role in redox reactions and
photocatalysis. The effective redox site of cerium Ce*'/
Ce* and its ability to exchange oxygen (Keerthana et
al., 2021) have made nanoceria a great material for
various activities, including environmental remediation.
Nanoceria was found to possess multiple applications
in environmental remediation and wastewater treat-
ment. Its application in the degradation of toxic 4-nitro
phenol was reported by (Keerthana et al., 2021) under
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visible light irradiation. It was revealed that nanoceria
could degrade 4-nitro phenol in 45 minutes faster than
the control. Ederer et al. (2019) reported on the de-
structive capability of nanoceria in degrading triphenyl
phosphate pesticide, which begins by converting TTP
to diphenyl phosphate and the final product phenol.
Other applications of nanoceria include; the degrada-
tion of organophosphate pesticide fenchlorphos where
the NPs serve as a reactive sorbent (Jano$ et al.,
2015), in-vitro skin decontamination of organophos-
phate pesticide (Salerno et al., 2017), electrochemical
investigation of pantoprazole in the presence of epi-
nephrine (Pradeepa & Nayaka, 2022), antimicrobial
activity (Eka Putri et al., 2021), degradation of meth-
ylene blue dye (Kouser et al., 2021), degradation of
phenol (Ahmad et al., 2020), degradation of rhodamine
B dye, methyl orange dye and tetracycline (Li et al.,
2018), anti-cancer potential (Kermani et al., 2022) and
effective removal of uranium from aqueous solution
(Kashyap et al., 2022).

These and many other nanoceria applications attract
researchers to explore the capabilities of cerium oxide
nanoparticles (NPs). Therefore, the present study
aimed to explore the capabilities of nanoceria in the
degradation of a type Il pyrethroid pesticide lambda-
cyhalothrin. A suitable method was developed for pho-
tocatalytic degradation of LCY in wastewater using
nanoceria under natural solar irradiation with no appli-
cation of any scavenger chemical or buffer.

MATERIALS AND METHODS

Chemicals and reagents

Cerium nitrate hexahydrate (Ce (NO3);, 6H,0), Potassi-
um carbonate (K,COj3), acetonitrile HPLC grade and
ethanol were all purchased from Merk company (India),
Mumbai. All the chemicals used were of analytical rea-
gent AR grade and were used without further purifica-
tion. Lambda-cyhalothrin 10% WP, a TATA product,
was obtained from Rallis India Limited, Mumbai, Maha-
rashtra, India. Millipore water was used throughout the
experiments and was obtained from the Environmental
Biotechnology Laboratory, GITAM Institute of Science,
GITAM University, Visakhapatnam, Andhra Pradesh.

Synthesis of nanoceria by coprecipitation method

Cerium oxide nanoparticles, also known as nanoceria
were synthesized using a simple coprecipitation meth-
od as adopted from the work of (Farahmandjou et al.,
2016). 2 standard solutions of 0.02 M Cerium nitrate
hexahydrate (Ce (NOj3);. 6H,0) and 0.03 M Potassium
carbonate (K,CO3) were separately and carefully pre-
pared by dissolving 2.17 g (Ce (NO3);. 6H,0) and 1.036
g (K>2CO3) in a 250 ml millipore water/DI water in a volu-
metric flask as solution A and B respectively. 50 ml of
solution A was weighed into a conical flask and 20 ml

of solution B into a burette. Solution A was placed on a
magnetic stirrer and solution B in the burette was add-
ed into A in drops through the wall of the container.
The pH of the solution was adjusted and maintained at
pH 6 using DI water as a buffer. White precipitate parti-
cles of cerium carbonate were formed after an hour of
stirring. The precipitates were allowed to settle, centri-
fuged at 3500 rpm and dried at 65° C for 2 hours. The
resulting dried powder particles were cooled at room
temperature and aged at 220° C for 2 hours and, later
on, annealed at 600° C in a muffle furnace for 3 hours
to obtain the nanoceria/cerium oxide nanoparticles.

Characterization

This was conducted to ascertain the specification of the
size, structure, morphology, elemental composition and
chemical composition of the synthesized particles. The
particles' crystal structure and crystallite size were de-
termined using powder X-Ray Diffraction (PXRD)
through a Brucker D8 advanced instrument. The scan
type used was coupled to two theta/theta, and the
mode was continuous. The scanning process started at
10.000° and ended at 79. 994° with an interval of
0.020°, and was conducted at a temperature of 25° C/
room temperature. Fourier transform Infrared (FTIR)
spectroscopy was employed to analyze the functional
groups present. This was done using an FTIR spectro-
photometer, Nicolet iS50, equipped with an IR source,
DTGS KBr detector, and KBr beam splitter. A total of
32 scans were performed, with a collection length of
47.3 seconds and a resolution of 4.000. The FTIR
range used for the analysis was from 500 to 4000 cm-1
wavenumber.

Surface morphology analysis was performed using
Scanning Electron Microscopy (SEM) via an SEM-
EDAX Jeol 6390 LA/OXFORD XMXN instrument. The
SEM was operated at an accelerating voltage range of
0.5 to 30 kv and a magnification of 300,000 times. A
tungsten filament was used for this analysis. Energy
Dispersive X-Ray Spectroscopy (EDAX) was used for
elemental analysis with the same instrument. The
EDAX had a resolution of 136 eV, and the detector
area used was 30 mm?.

Photocatalytic degradation of Lambda-cyhalothrin
This was conducted in batches with 3 different concen-
trations of lambda-cyhalothrin prepared following
standard procedure using millipore water and 2 quanti-
ties of nanoceria photocatalyst. Each concentration of
the pesticide was exposed separately to 2 quantities of
the photocatalyst and the sample setups were termed
as follows;

100 ppm LCY and 10 mg nanoceria = LCe-1

100 ppm LCY and 20 mg nanoceria = LCe-2

50 ppm LCY and 10 mg nanoceria = LCe-3

50 ppm LCY and 20 mg nanoceria = LCe-4
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10 ppm LCY and 10 mg nanoceria = LCe-5

10 ppm LCY and 20 mg nanoceria = LCe-6

In this experiment, 10 and 20 mg nanoceria were
weighed into a series of 100 ml of 10 ppm, 50 ppm and
100 ppm for the photocatalytic experiment. For each
setup, the sample solutions were first kept in the dark
for 30 minutes to achieve adsorption-desorption equilib-
rium before exposure to natural solar irradiation at nor-
mal environmental conditions. 10 ml of the solution
from each setup was withdrawn at a particular time
interval of 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 hours after
exposure to natural solar irradiation. The collected 10
ml samples were then centrifuged at 3500 rpm for 10
minutes to separate the supernatant liquid and the set-
tled nanoceria. The collected supernatant liquids were
further analyzed by Shimadzu UV spectrophotometer
UV1800 for UV absorbance analysis and determination
of the concentration. The UV absorbance of the super-
natants or samples was determined at a 220-400 wave-
length range. The final concentrations of the pesticide
in the solutions were determined at the computed maxi-
mum wavelength of 227 nm Amax. To establish the
concentration in each measurement, a series of stand-
ards were meticulously created by employing the serial
dilution technique. This allowed for the creation of a
linear plot correlating concentration and absorbance.
The samples' concentrations at time t/final concentra-
tions were used to determine the degradation efficiency
and reaction kinetics.

The separated nanoceria was later on washed 3 times
with millipore water for further analysis of their activity.
The same procedure was applied for the control with no
nanoceria or photocatalyst during each round of the
experiments with all the initial concentrations used.
Furthermore, some of the experimental conditions ap-
plicable to field application were optimized to obtain a
better result. The optimization conditions considered in
this research are as follows; initial concentration of
lambda-cyhalothrin, the quantity of the nanoceria, irra-
diation time, and atmospheric conditions like UV index
and temperature. All these conditions were found to
play a crucial role in the degradation of lambda-
cyhalothrin in wastewater using nanoceria.

The degradation efficiency of nanoceria or photocata-
lytic activity of the particle was determined using the
following formula;

LCo-LCf %100

(Eq. 1)
Where LCo is the initial concentration of lambda-
cyhalothrin pesticide and LCf is the final concentration
of lambda-cyhalothrin pesticide.

% degradation/degradation efficiency =

RESULTS AND DISCUSSION

Cerium oxide nanoparticles (nanoceria) were success-

fully synthesized following the above-mentioned meth-
od. Initially, a white precipitate of cerium carbonate was
obtained from the process, which was later converted to
light brownish powder particles after hours of ageing.
Fig. 1 reveals different stages of the synthesized
nanoceria with aged and annealed NPs at 3 different
temperatures. There was a slight change in color of the
aged NPs at 220° C and annealed/calcinated NPs at
400° C. However, the annealed powder NPs at 600° C
was found to be brighter than the former. As Henych et
al. ( 2022) reported, the possible mechanism for creat-
ing nanoceria in a liquid phase involved the deliberate
oxidation of a Ce®* salt that was highly soluble to pro-
duce an insoluble precursor like cerium hydroxide or
carbonate. This precursor can then be transformed into
cerium (IV) oxide through processes like ageing, calci-
nation, or hydrothermal treatment.

Characterization of the synthesized nanoceria
X-Ray Diffraction XRD analysis

The XRD pattern of the synthesized nanoceria obtained
revealed the crystalline phase and crystallite size of the
powder nanoceria. The pattern is shown in Fig. 2. The
peaks were observed at angles of 28.507°, 33.032°,
47.446°, 56.214°, 58. 994°, 69.327 °, 76.598° and
79.54° are associated with the (111), (200), (220),
(311), (222), (400), (311) and (420) crystal planes of the
cubic fluorite structure found in nanoceria as identified
in the standard JCPDS No 00-034-0394 (Keerthana et
al., 2022). The peaks of the crystal planes also agree
with the findings of (Janos et al., 2014; Farahmandjou
et al., 2016; Pujar et al., 2020). The Debye-Scherrer
equation was used to predict the average crystallite
size based on the XRD peak broadening, and the ob-
tained size was found to be 27 nm.

_ 091
d= Booso (Eq. 2)
where; d is the crystallite size, A is the wavelength of Cu
Ka radiation, B is the full-width at half maximum
(FWHM) of the diffraction peak and © is the diffraction
angle.

FTIR analysis
The Fourier transform Infrared FTIR pattern obtained
from the synthesized nanoceria is shown in Fig. 3,

Table 1. Elemental composition of the synthesized nanoceria

Element Line Type Wt% Atomic %
C K series 25.09 50.69

0] K series 26.88 40.77

K K series 0.51 0.32

Ce L series 47.52 8.23
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Fig. 1. Different stages of the synthesized powder nanoceria
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Fig. 2. XRD pattern of the calcinated nanoceria at 600 °C

which identifies the chemical bonds with the functional
groups present. The spectrum has revealed various
peaks relating to cerium-oxygen and water molecules
used as solvents together with other peaks. From Fig.
3, it was observed that the peak at around 475-500 cm’
' corresponded to the stretching vibration of Ce-O,
(Pujar et al., 2020; Keerthana et al., 2022). The broad
peak at 3430 corresponds to the —O-H stretching vibra-
tion of OH" in water molecules (Keerthana et al., 2022).
The other peaks at 2930, 2430, 1510, 1070 and 859
correspond to Methyl C—H asymmetric stretching, C—C
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-

X500 S50pm 0089

0089 13 39 SEI
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Fig. 4. FTIR spectrum of the synthesized nanoceria
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Fig. 3. FTIR spectrum of the synthesized nanoceria

stretching, O—H stretching vibration, Ce—OH overtone
and C—0O-O0 stretching, respectively (Pujar et al., 2020;
Kaur et al., 2022; Pradeepa and Nayaka, 2022).

Scanning Electron Microscopy and Energy Disper-
sive X-Ray Spectroscopy SEM-EDAX

Fig. 4 shows the SEM images and the EDAX spectrum
showing the elemental composition of the synthesized
nanoceria. As can be observed from the SEM images
in Fig. 4, there exists an agglomeration at various
points, which may have a significant effect on the deter-

0089 13 39 SEI

20kV X1,500 10pum
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Fig. 6. Initial and subsequent/final concentrations and the percentage degradation over time LCe-3 and LCe-4

mination of the shape of the NPs. However, clusters of
thin plate irregular shapes (Henych et al., 2022) can be
observed in the images depicting the synthesized
nanoceria (Janos et al., 2014). Other studies have re-
ported spherical structure for nanoceria, which may
have all to do with the method of synthesis and calcina-
tion temperature (Farahmandjou et al., 2016; Jaya-
kumar et al., 2019).

The EDAX spectra in Fig. 4 revealed the elemental
composition of the synthesized nanoceria, with ele-
ments cerium and oxygen accounting for the largest
portion or percentage of the elements present. Table 1
provides the percentage of each of the elements pre-
sent in the NPs.

Degradation of Lambda-cyhalothrin

The degradation of LCY pesticide using nanoceria in
this study follows a unique pattern with the pesticide's
initial concentration affecting the NPs' activity. Three
different concentrations were studied with two quanti-
ties of the nanoceria. Fig. 5 shows the initial and subse-
quent/final concentrations change at different time in-
tervals and the percentage degradation of Lce-1 and
LCe-2. Looking at Fig. 5, it can be observed that there

was a decrease in the pesticide concentration with an
increase in time until 2 hours. It was observed that after
several runs of the experiment, the degradation signifi-
cantly reduced and sometimes stopped at 2 hours, with
few cases showing otherwise. Moreover, the quantity of
the NPs in Lce-1, which is 10mg, was found to show
more effect than the 20mg in the LCe-2. This may be
attributed to photocatalytic degradation rather than just
adsorption by the nanoceria, which agrees with the
findings of Henych et al. (2022) where both substrates
are degraded rather than just adsorbed. Fig 5. shows
that 10mg nanoceria has an optimum percentage deg-
radation of 63% LCY in a water solvent.

Fig. 6 and 7 show the degradation patterns in LCe-3,
LCe-4, LCe-5 and LCe-6 with different pesticide and
nanoceria quantities concentrations. Fig. 6 revealed the
changes in the initial concentration over time, with the
quantity of the nanoceria playing a significant role. LCe-
3 and LCe-4 with 50 ppm concentration of LCY have
shown that the decrease in the pesticide concentration
may increase the chances for more adsorption rather
than more degradation as in the previous case of 100
ppm. In this regard, LCe-4 with 50 ppm LCY and 20 mg
nanoceria was found to possess high activity in remov-
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Fig. 8. Degradation rate of 3 different concentrations of lambda-cyhalothrin in water using two different quantities of 10

and 20 mg nanoceria

ing and degrading the pesticide. The large surface area
of the NPs plays a significant role in this regard, where
nanoceria acts as an active sorbent for removing con-
taminants (Janos et al., 2014; Janos et al., 2022).
However, LCe-5 and LCe-6 have shown yet another
pattern with the 2 quantities of the nanoceria. Fig. 7
shows the degradation pattern where at the initial stage
of the experiment, 10 mg nanoceria in LCe-5 shows
better activity with 20 mg in LCe-6. But, after 2 hours of
irradiation time, LCe-6 was found to possess better
activity than the former. This shows that different con-
centrations of the pesticide may strongly affect the ac-
tivity of the NPs.

Hence, the percentage degradation in LCe-4 and LCe-
6 with 20 mg were found to be above 50% degradation
efficiency, with LCe-4 showing very close to 60% effi-
ciency at 2 hours. However, LCe-3 in Fig. 6 shows
about 54% efficiency, with LCe-5 having less than 50%
efficiency.

Fig. 8 shows the degradation rate of 100 ppm, 50 ppm

and 10 ppm lambda-cyhalothrin using 10 and 20 mg
nanoceria. LCe-1, 2, 3 and 4 show a faster initial reac-
tion at 30 minutes, followed by subsequent slower reac-
tions until 2 hours or 120 minutes. A similar faster initial
reaction rate was also reported by (Henych et al., 2022;
Janos et al., 2022), which was attributed to the availa-
bility of the active sites at the initial stage of the reac-
tion, which further stabilized and decreased at a certain
rate. However, the degradation rate for LCe-5 and 6
showed somehow a different degradation rate with an
increase in the concentration at a certain point in time
and followed by a faster rate between 1 hour of irradia-
tion time and 1.5 hours or 90 minutes. This may be
attributed to a variety of factors, including environmen-
tal factors or the issue of extraneous variables.

UV Absorbance

The UV absorbance of each of the samples has been
determined at various time intervals between 0 and 3
hours, with six samples at an interval of 30 minutes
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Fig. 9. Decrease in the UV absorbance for LCe-1, 2, 3 and 4 together with control with

each. Fig. 9 shows the decrease in the UV absorbance
over time for LCe-1 2, 3, and 4 with the control experi-
ment with no nanoceria. The peak/maximum absorb-
ance was observed at a wavelength of 227, as seen in
the figure. There was a disappearance of the peak at
Amax in LCe-1 and 2, as observed on the UV spectrum,
which may be attributed to the sharp reduction in the
concentration after exposure to natural solar irradiation.
However, LCe-3 and 4 shows yet another reduction or
decrease in the absorbance but not its disappearance.
Hence, all the samples have shown a decrease in UV
absorbance over time until 2 hours of solar irradiation
exposure, where either the process stops/slowed down
or begins to be unstable as in the case of LCe-3.
(Keerthana et al., 2022) reported on the heterogenous
catalytic activity of nanoceria which causes a decrease
in the absorbance of 4-nitro phenol over time/irradiation
time and a shift of the peak to form another compound.
Nanoceria has shown a significant activity towards deg-
radation of lambda-cyhalothrin under natural solar irra-
diation at a very faster rate than the control experiment.

Optimization of the experimental conditions

Conditions that may be feasible to control in the field,
together with the initial concentration of LCY were opti-
mized to obtain a better activity of the nanoceria
against LCY. The conditions include the quantity of the
nanoceria/cerium oxide nanoparticles, irradiation time
and atmospheric conditions, UV index, and tempera-
ture. The effects of the initial concentration of the pesti-
cide and the quantity of nanoceria are discussed in the
previous sections of the present study. However, the
atmospheric conditions, especially the UV index, were
also significant in lambda-cyhalothrin degradation. As

reported in numerous research articles, for photocataly-
sis to occur or begin, the applied energy must be great-
er than or equal to the band gap energy of the photo-
catalyst (Andronic et al., 2022; Barzagan, 2022; Irfan et
al., 2022; Sraw et al., 2022). Therefore, for holes and
electrons to be generated at the valence and conduct-
ing band, respectively, there must be radiation greater
than the bandgap energy (Andronic et al., 2022).
Hence, the intensity of UV radiation or solar radiation is
crucial. During this study, it was observed that only a
UV index above 8 which is categorized as a very high
UV index, was found to initiate the process of photo-
catalytic degradation of LCY over time. At a moderate
UV index of 6-7, there was no/or slight difference be-
tween the sample and control. Hence, the radiation
source or energy is crucial for catalytic degradation
using nanoceria (Bruckmann et al., 2022; Goel & Arora,
2022). Moreover, any change recorded at a lower UV
index situation may result from adsorption but not pho-
tocatalysis. In regards to temperature, it was observed
that an increase in temperature together with the UV
index increases the photocatalyst's activity, which
agrees with the finding of (Bruckmann et al., 2022).

Conclusion

The present study successfully synthesized cerium
oxide nanoparticles/nanoceria using a simple coprecipi-
tation method with special features for photocatalytic
degradation of lambda-cyhalothrin. The synthesized
nanoceria was investigated for the degradation of LCY
under natural environmental conditions with no employ-
ment of any acid scavenger or chemical. The activity of
the nanoceria was due to the synthesised particle's
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great nature, including its sized distribution, surface
area and purity. Hence, under optimal conditions ob-
served in this research, 10 mg nanoceria was found to
successfully degrade more than 63% of the initial 100
ppm concentration of lambda-cyhalothrin under natural
solar irradiation with a UV index of 9, denoting very
high UVI after 2 hours. Although other important adjust-
ments could have improved the activity of the photo-
catalyst, this study focused only on the intrinsic capaci-
ty of the nanoceria in the degradation of LCY for field
application on agricultural runoff from farmlands. There-
fore, improving the purity of the particle and considering
active dopants that may reduce the bandgap energy
will play a significant role in the photocatalytic degrada-
tion of pollutants in agricultural runoff. Reducing the
concentration of pesticides in the agric runoff before
reaching water bodies/tributaries may halt the menace
of pesticide pollution. As such, researchers and scien-
tists need to focus more on optimizing conditions appli-
cable in the field for better outcomes in the degradation
of pollutants using nanoparticles.

ACKNOWLEDGEMENTS

The authors want to acknowledge the Department of
Environmental Science and Department of Chemistry,
School of Science, GITAM (Deemed to be University),
STIC Coachin University/Institute and BioFact Labora-
tory, Visakhapatnam (A.P.), India.

Conflict of interest
The authors declare that they have no conflict of
interest.

REFERENCES

1. Ahmad, T., Igbal, J., Bustam, M. A., Zulfigar, M., Muham-
mad, N., Al Hajeri, B. M., Irfan, M., Anwaar Asghar, H. M.
& Ullah, S. (2020). Phytosynthesis of cerium oxide nano-
particles and investigation of their photocatalytic potential
for degradation of phenol under visible light. Journal of
Molecular Structure, 1217, 128292. https://
doi.org/10.1016/J.MOLSTRUC.2020.128292

2. Al-Amoudi, W. M. (2018). Toxic effects of Lambda-
cyhalothrin, on the rat thyroid: Involvement of oxidative
stress and ameliorative effect of ginger extract. Toxicology
Reports, 5, 728-736. https://doi.org/10.1016/
J.TOXREP.2018.06.005

3. Al Malahi, N. M., Al Jumaily, M. M., Al-shaibani, E. A. S.,
Alajmi, R. A., Alkhuriji, A. F., Al-Tamimi, J. & Alhimaidi, A.
R. (2022). Ameliorative effect of L-carnitine on lambda-
cyhalothrin-induced anatomical and reproductive aberra-
tions in albino mice. Saudi Journal of Biological Sciences,
29(9), 103373. https://doi.org/10.1016/J.SJBS.202
2.103373

4. Alalibo, K., Patricia, U. A. & Ransome, D. E. (2019). Ef-
fects of Lambda Cyhalothrin on the behaviour and histolo-
gy of gills of Sarotherodon melanotheron in brackish wa-
ter. Scientific African, 6, e00178. https://doi.org/10.1016/
J.SCIAF.2019.E00178

5. Andronic, L., Lelis, M., Enesca, A. & Karazhanov, S.

(2022). Photocatalytic activity of defective black-titanium
oxide photocatalysts towards pesticide degradation under
UV/VIS irradiation. Surfaces and Interfaces, 32, 102123.
https://doi.org/10.1016/J.SURFIN.2022.102123

6. Aouey, B., Derbali, M., Chtourou, Y., Bouchard, M., Kha-
bir, A., & Fetoui, H. (2017). Pyrethroid insecticide lambda-
cyhalothrin and its metabolites induce liver injury through
the activation of oxidative stress and proinflammatory
gene expression in rats following acute and subchronic
exposure. Environmental Science and Pollution Research,
24(6), 5841-5856. https://doi.org/10.1007/S11356-016-
8323-4/TABLES/6

7. Aouey, B., Fares, E., Chtourou, Y., Bouchard, M. & Fe-
toui, H. (2019). Lambda-cyhalothrin exposure alters purine
nucleotide hydrolysis and nucleotidase gene expression
pattern in platelets and liver of rats. Chemico-Biological
Interactions, 311, 108796. https://doi.org/10.1016/
J.CBI.2019.108796

8. Bai, Y., Ruan, X. & van der Hoek, J. P. (2018). Residues
of organochlorine pesticides (OCPs) in aquatic environ-
ment and risk assessment along Shaying River, China.
Environmental Geochemistry and Health, 40(6), 2525—
2538.  https://doi.org/10.1007/S10653-018-0117-9/TABL
ES/5

9. Barzagan, A. (2022). Photocatalytic Water and
Wastewater Treatment. In Photocatalytic Water and
Wastewater Treatment (Issue April). https://
doi.org/10.2166/9781789061932

10. Bruckmann, F. S., Schnorr, C., Oviedo, L. R., Knani, S.,
Silva, L. F. O., Silva, W. L., Dotto, G. L. & Bohn Rhoden,
C. R. (2022). Adsorption and Photocatalytic Degradation
of Pesticides into Nanocomposites: A Review. Molecules
2022, Vol. 27, Page 6261, 27(19), 6261. https:/
doi.org/10.3390/MOLECULES27196261

11. Ceuppens, B., Eeraerts, M., Vleugels, T., Cnops, G., Rol-
dan-Ruiz, |, & Smagghe, G. (2015). Effects of dietary
lambda-cyhalothrin exposure on bumblebee survival, re-
production, and foraging behavior in laboratory and green-
house. Journal of Pest Science, 88(4), 777-783. https://
doi.org/10.1007/S10340-015-0676-9/FIGURES/1

12. Chatterjee, A., Bhattacharya, R., Chatterjee, S. & Saha,
N. C. (2021a). Acute toxicity of organophosphate pesticide
profenofos, pyrethroid pesticide A cyhalothrin and biopesti-
cide azadirachtin and their sublethal effects on growth and
oxidative stress enzymes in benthic oligochaete worm,
Tubifex tubifex. Comparative Biochemistry and Physiology
Part C: Toxicology & Pharmacology, 242, 108943. https://
doi.org/10.1016/J.CBPC.2020.108943

13. Chatterjee, A., Bhattacharya, R., Chatterjee, S. & Saha,
N. C. (2021b). A cyhalothrin induced toxicity and potential
attenuation of hematological, biochemical, enzymological
and stress biomarkers in Cyprinus carpio L. at environ-
mentally relevant concentrations: A multiple biomarker
approach. Comparative Biochemistry and Physiology Part
C: Toxicology & Pharmacology, 250, 109164. https://
doi.org/10.1016/J.CBPC.2021.109164

14. Ederer, J., S'tastn, M., DoSekDos$ek, M., Henych ab, J. &
JanosJanos, P. (2019). Mesoporous cerium oxide for fast
degradation of aryl organophosphate flame retardant tri-
phenyl phosphate. https://doi.org/10.1039/c9ra06575j

15. Eka Putri, G., Rilda, Y., Syukri, S., Labanni, A. & Arief, S.
(2021). Highly antimicrobial activity of cerium oxide nano-

1227



Sani, M. D. et al. / J. Appl. & Nat. Sci. 15(3), 1219 - 1229 (2023)

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

particles synthesized using Moringa oleifera leaf extract
by a rapid green precipitation method. Journal of Materials
Research and Technology, 15, 2355-2364. https://
doi.org/10.1016/J.JMRT.2021.09.075

Farahmandjou, M., Farahmandjou, M., Zarinkamar, M. &
Firoozabadi, T. P. (2016). Synthesis of Cerium Oxide
(CeO 2 ) nanoparticles using simple CO-precipitation
method. Revista Mexicana de Fisica, 62(October), 496—
499. https://www.researchgate.net/publication/308742876
Feynman, R. P. (1959). Plenty of Room at the Bottom.
https://web.pa.msu.edu/people/yang/
RFeynman_plentySpace.pdf

Goel, P. & Arora, M. (2022). Photocatalytic degradation
efficiency of Cu/Cu20 core-shell structured nanoparticles
for endosulfan mineralization. Journal of Nanoparticle
Research, 24(3), 1-13. https://doi.org/10.1007/S11051-
022-05436-0/FIGURES/8

Hannachi, E., Slimani, Y., Nawaz, M., Sivakumar, R., Tra-
belsi, Z., Vignesh, R., Akhtar, S., Almessiere, M. A.,
Baykal, A. & Yasin, G. (2022). Preparation of cerium and
yttrium doped ZnO nanoparticles and tracking their struc-
tural, optical, and photocatalytic performances. Journal of
Rare Earths. https://doi.org/10.1016/J.JRE.2022.03.020
He, L. M., Troiano, J., Wang, A., & Goh, K. (2008). Envi-
ronmental chemistry, ecotoxicity, and fate of lambda-
cyhalothrin. Reviews of Environmental Contamination and
Toxicology, 195, 71-91. https://doi.org/10.1007/978-0-387
-77030-7_3

Henych, J., Stastny, M., Ederer, J., Némeckova, Z., Po-
gorzelska, A., Tolasz, J., Kormunda, M., RySanek, P.,
Bazanow, B., Stygar, D., Mazanec, K. & Jano§, P. (2022).
How the surface chemical properties of nanoceria are
related to its enzyme-like, antiviral and degradation activi-
ty. Environmental Science: Nano, 9(9), 3485-3501.
https://doi.org/10.1039/D2EN00173J

Ibrahim, A. M., Sayed, S. S. M. & Shalash, I. R. A. (2018).
Toxicological assessment of lambda-cyhalothrin and acet-
amiprid insecticides formulated mixture on hatchability
rate, histological aspects, and protein electrophoretic pat-
tern of Biomphalaria alexandrina (Ehrenberg, 1831)
snails. Environmental Science and Pollution Research, 25
(32), 32582-32590. https://doi.org/10.1007/S11356-018-
3238-X/TABLES/3

Irfan, F., Tanveer, M. U., Moiz, M. A., Husain, S. W. &
Ramzan, M. (2022). TiO2 as an effective photocatalyst
mechanisms, applications, and dopants: a review. The
European Physical Journal B 2022 95:11, 95(11), 1-13.
https://doi.org/10.1140/EPJB/S10051-022-00440-8

Janos, P., Ederer, J., étastny, M., Tolasz, J. & Henych, J.
(2022). Degradation of parathion methyl by reactive sorp-
tion on the cerium oxide surface: The effect of solvent on
the degradation efficiency. Arabian Journal of Chemistry,
15(6). https://doi.org/10.1016/j.arabjc.2022.103852

Janos$, P., Kura, P., Ederer, J., 8, M., Vrtoch, L., PSenilka,
M., Henych, J., Mazanec, K. & Skoumal, M. (2015). Re-
covery of Cerium Dioxide from Spent Glass-Polishing
Slurry and Its Utilization as a Reactive Sorbent for Fast
Degradation of Toxic Organophosphates. https://
doi.org/10.1155/2015/241421

Janos, P., Kuran, P., Kormunda, M., Stengl, V., Grygar, T.
M., Dosek, M., Stastny, M., Ederer, J., Pilarova, V. &
Vrtoch, L. (2014). Cerium dioxide as a new reactive

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

sorbent for fast degradation of parathion methyl and some
other organophosphates. Journal of Rare Earths, 32(4),
360-370. https://doi.org/10.1016/S1002-0721(14)60079-X
Jayakumar, G., Irudayaraj, A. A. & Raj, A. D. (2019). In-
vestigation on the synthesis and photocatalytic activity of
activated carbon—cerium oxide (AC—-CeO2) nanocompo-
site. Applied Physics A: Materials Science and Pro-
cessing, 125(11), 1-9. https://doi.org/10.1007/S00339-019
-3044-4/FIGURES/9

Kashyap, K., Khan, F., Verma, D. K. & Agrawal, S. (2022).
Effective removal of uranium from aqueous solution by
using cerium oxide nanoparticles derived from citrus limon
peel extract. Journal of Radioanalytical and Nuclear
Chemistry, 1-11. https://doi.org/10.1007/S10967-021-
08138-4/TABLES/3

Kaur, A., Bajaj, B. & Dhiraj Sud (2022). Biopolymer xan-
than gum templated facile synthesis of reusable cerium
oxide nanoparticles as catalyst for reduction of nitroaro-
matic compounds. Journal of the Iranian Chemical Society
2022, 1-17. https://doi.org/10.1007/S13738-022-02616-6
Keerthana, M., Malini, T. P. & Sangavi, R. (2021). Efficien-
cy of cerium oxide (CeO2) nano-catalyst in degrading the
toxic and persistent 4-nitrophenol in aqueous solution.
Materials Today: Proceedings, 50, 375-379. https://
doi.org/10.1016/j.matpr.2021.10.082

Keerthana, M., Malini, T. P. & Sangavi, R. (2022). Efficien-
cy of cerium oxide (CeO2) nano-catalyst in degrading the
toxic and persistent 4-nitrophenol in aqueous solution.
Materials Today: Proceedings, 50, 375-379. https://
doi.org/10.1016/J.MATPR.2021.10.082

Kermani, G., Karimi, E. & Tabrizi, M. H. (2022). Hybrid
Nanoarchitectonics of Chitosan-Cerium Oxide Nanoparti-
cles for Anticancer Potentials. Journal of Inorganic and
Organometallic Polymers and Materials, 32(7), 2591-
2599. https://doi.org/10.1007/S10904-022-02329-6/FIGUR
ES/6

Kouser, S., Hezam, A., Byrappa, K. & Khanum, S. A.
(2021). Sunlight-assisted synthesis of cerium (IV) oxide
nanostructure with enhanced photocatalytic activity. Optik,
245, 167236. https://doi.org/10.1016/J.1JLEO.202
1.167236

Li, S., Hu, S., Jiang, W., Liu, Y., Zhou, Y., Liu, J. & Wang,
Z. (2018). Facile synthesis of cerium oxide nanoparticles
decorated flower-like bismuth molybdate for enhanced
photocatalytic activity toward organic pollutant degrada-
tion. Journal of Colloid and Interface Science, 530, 171—
178. https://doi.org/10.1016/J.JCIS.2018.06.084

Liu, P. Y., Li, B., Liu, H. D. & Tian, L. (2014). Photochemi-
cal behavior of fenpropathrin and A-cyhalothrin in solution.
Environmental Science and Pollution Research, 21(3),
1993-2001. https://doi.org/10.1007/S11356-013-2119-6/
FIGURES/7

Miri, A., Beiki, H., Najafidoust, A., Khatami, M. & Sarani,
M. (2021). Cerium oxide nanoparticles: green synthesis
using Banana peel, cytotoxic effect, UV protection and
their photocatalytic activity. Bioprocess and Biosystems
Engineering, 44(9), 1891-1899. https://doi.org/10.1007/
S00449-021-02569-9/FIGURES/10

Mwila, K., Burton, M. H., Van Dyk, J. S. & Pletschke, B. I.
(2013). The effect of mixtures of organophosphate and
carbamate pesticides on acetylcholinesterase and appli-
cation of chemometrics to identify pesticides in mixtures.

1228



Sani, M. D. et al. / J. Appl. & Nat. Sci. 15(3), 1219 - 1229 (2023)

38.

39.

40.

41,

Environmental Monitoring and Assessment, 185(3), 2315—
2327. https://doi.org/10.1007/S10661-012-2711-0/TABL
ES/4

Nicolopoulou-Stamati, P. & , Sotirios Maipas, Chrysanthi
Kotampasi, P. S. and L. H. (2016). Chemical Pesticides
and Human Health : The Urgent Need for a New Concept
in Agriculture. 4(July), 1-8. https://doi.org/10.3389/
fpubh.2016.00148

Pradeepa, E. & Nayaka, Y. A. (2022). Cerium oxide nano-
particles via gel-combustion for electrochemical investiga-
tion of pantoprazole in the presence of epinephrine. Jour-
nal of Materials Science: Materials in Electronics, 33(23),
18374-18388. https://doi.org/10.1007/S10854-022-08692-
X/TABLES/2

Pujar, M. S., Hunagund, S. M., Barretto, D. A., Desai, V.
R., Patil, S., Vootla, S. K. & Sidarai, A. H. (2020). Synthe-
sis of cerium-oxide NPs and their surface morphology
effect on biological activities. Bulletin of Materials Science,
43(1), 1-10. https://doi.org/10.1007/S12034-019-1962-6/
FIGURES/8

Salerno, A., Devers, T., Bolzinger, M. A., Pelletier, J.,
Josse, D. & Briangon, S. (2017). In vitro skin decontami-
nation of the organophosphorus pesticide Paraoxon with
nanometric cerium oxide CeO2. Chemico-Biological Inter-
actions, 267, 57-66. https://doi.org/10.1016/J.CBI.20
16.04.035

42.

43.

44,

45.

Sherrif SS, Madadi V, M. J. & K. G. (2017). Adsorption of
Lambda Cyhalothrin on to Athi River Sediments: Apparent
Thermodynamic Properties. Adsorption of Lambda
Cyhalothrin on to Athi River Sediments: Apparent Thermo-
dynamic Properties. Mod Chem Appl, 5(2), 213. https://
doi.org/10.4172/2329-6798.1000213

Sraw, A., Kaur, T., Thakur, |., Verma, A., Wanchoo, R. K.
& Toor, A. P. (2022). Photocatalytic degradation of pesti-
cide monocrotophos in water using W-TiO2 in slurry and
fixed bed recirculating reactor. Journal of Molecular Struc-
ture, 1265, 133392. https://doi.org/10.1016/J.MOLSTR
UC.2022.133392

Voltz, M., Guibaud, G., Dages, C., Douzals, J. P., Guibal,
R., Grimbuhler, S., Grinberger, O., Lissalde, S., Mazella,
N., Samouélian, A. & Simon, S. (2021). Pesticide and
agro-ecological transition: assessing the environmental
and human impacts of pesticides and limiting their use.
Environmental Science and Pollution Research 2021 29:1,
29(1), 1-5. https://doi.org/10.1007/S11356-021-17416-3
Zhang, Y., Qin, P., Lu, S., Liu, X., Zhai, J., Xu, J., Wang,
Y., Zhang, G., Liu, X. & Wan, Z. (2021). Occurrence and
risk evaluation of organophosphorus pesticides in typical
water bodies of Beijing, China. Environmental Science
and Pollution Research, 28(2), 1454—1463. https://
doi.org/10.1007/S11356-020-10288-Z/TABLES/4

1229



